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Improved nucleic acid reagents anH u 

The invention relates to ' - 

^XV?~B« -^SlS^ir^- ^ " -eic acid 
combinations of s'uch 7 U 2Sc L Td Sm JrilTd ;7r ,0n a ' SO ' " 
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Fig. 1, hybridize. At this time the distance of the vector-derived n.,ru;,- » 
hybridization joining point (1) d creases (Fig \) and k!k ^ «id pans from the 

formed by one reagent pair* (prior an) show'n In*?*^^ oHhV^ hybfid " 

total area of the array of nucleic acid fragments. The vec^ ' ht ' . 

5 from one reagent patr are easily broken by. for examole meehnnfrli 1 formed 

such a case the label already bound to the hybrid escapes ' UCh M * hM ^ ,n / 5 

Since the improved nucleic acid reagents accordinq to the invention ar » 
previously used , ic a id rea9e n, S , 9 ,he y ^suita ^ tha " 

rearrangements and hereditary diseases. S.i^j^osomai 

10 " Our invention relates'to nucleic acid reagents comprising an array of nucleic acid fr a n™„, 

their comb.nat.ons. their preparation, and their use f or thedetection of 21 e c «W. n' ' 1 ° 
hybridization methods. 5 n 

The characteristics of the invention are shown in the distinguishing features of the claim. 
1 5 d^iT^hSr ' n 9fe8ter de,a " " th<5 f0 " 0Win9 d '«*»'' n - -ompryin 3 ^ 

Figure 1 shows an array of sandwich hybrids. 1 ^ 

Figure 2 depicts a sandwich hybrid of the prior art. 

^■Tl e J K h0WS ! he S DV al,erna,in 9 series of nucleic acid fragments in a nucleic acid 

20 mventiS" * " preparation ° f a " a " a Y °' ™"eic acid'reagents accordtng tolhe 

fragmems* SH ° WS ^ COrresponding sites of three alternating series of arrays of nucleic acid 

,J'T 9 /M $h0 ? S u a 1 afraY ° f nuc ' ei . cacid ''agments according to Fig. 3 separate (a) joined 
together (b) and both separate and joined together (e). 1 
25 Figure 6 shows an array of sandwich hybrids. 

used 9 "* 6a shows an array of sandwich hybrids which is formed when separate fragments are 

^Figure 6b shows an array of sandwich hybrid which is formed when joined b-fragments are 

30 b.f?gmems Se° uled" °' **** wWeh * ^ when ^othseparate and joined 30 

Figure 7 shows an array of nucleic acid reagents which identify different nucleic acids 
F,gure 8 shows an array of sandwich hybrids which are formed when the array of nucleic acid 
reagents according to Fig. 7. identifying different nucleic acids, are used 

3 5 Figure 9 shows an array of hybrids formed by a direct hybridization method , c 

Hgure 10 snows the recombinant plasmid pKTH1220 

Figure 1 1 shows an array of sandwich hybrids which is formed when an array of nucleic acid 
fragments prepared from the recombinant plasmid pKTHI 220 are used 

Figure 1 2 shows the recombinant plasmid pKTH 1271 
40 Figure 13 shows an array of sandwich hybrids which is formed when arrays of nucleic acid 
fragments prepared from the recombinant plasmid pKTH1271 are used 

Our invention relates to nucleic acid reagents composed of an array of nucleic acid fragments 
These arrays of nucle.c ac.d reagents comprise at least two. but preferably several alternS 
nucleic acid fragments, up to 20 fragments, which are derived fro^one or seve J, TS kUs 
%ZlT% hOm0,O 9° u 1 s to the nucleic «eW which is to be identified. Thereby there «. obtained 
£ j£? ^° °' a,,e : na,,n 9 arrays of nucleic acid fragments, which must not be 

homologous to one another. 

fr 0 m*,h. rr ,w^!!,r UC 'f iC acid . fea V n,S Ca - n ba pfepared synthetically. In this case the fragments 
50 each mhe Bu fhev °n "• r * V ? °l ^ 3dd " a 9™"«- ™« no, be homologous to 

J ■ tk ,h9y . must be suffl «:'ently homologous to alternating sites in the nucleic acids to 50 

a9m ?" tt "1 e3$i,y 06 Pfepafed by ,ul,y a ««omatic machines after 
characterization of the nucle.c acid sequence of the nucleic acid to be identified 

LI tl1' eag T S aCC °, rdin9 , ,0 ,he inVemi0n are " m P°«d of separate, or joined, or 
| both separate and joined array of nucleic acid fragments 

" SVoVvectt ■?r a8nWBtt ^ i0 ' ned «" VeC,0f - C ° n,3in p3rtS °' — - b ' 55 

The nucleic acid fragments used have a minimum length of 1 5 nucleotides. There is no actual 
upper hrnit for length but it is advantageous to use fragments having a lenjh of 20-5000 
nucleotides The nucle.c acid fragments according to the invention are derived either from the 

60 genome to be .dent.fied or from one pan of the genome, for example from a reS.v laToe 60 
clone representing a certain part of the genome. The arrays of nucleic acid fraamems J ce ordi„ a 
to the invention can thus be prepared from several independent wmft^fSl^ ' 

Z e Vll !!T\ TH arfaVS °', nUC, ! iC add ,ra9men,S ,huS Prepared ar « comoS and used for 
I the same reagent. The arrays of nucleic acid fragments can also be isolated from a ONA which 
65 ., not identical to the nucleic acid to be identified but sufficiently homologous To that a sub'e 65 
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hybrid is formed between the <X ' ' - 

Prepare such arrayi"of fraomlm, 9 tk There are available manv In , ?, 0,al - ,on of suitable 

^^ci^v^ 

to . solid c„i.,. p '"° •'• »>• '"1 »> r.pr. SIm „„„ 0| „*.,'" ' '„•''• °" »« b, 

Such nucleic acid oairs Amhr " a 

a,, are arrays of nucleic Uid friamimsf J"u ,_aa> - as shov ™ in Rfl- 7 in wh "h J a 
arrays of nucleic acid fragments A. iE !i " ? h,ch iden,if V n «cleic acid x- a , ,3 f - 3 " 
nucleic acid fragments A which ft . « ' den,,fy nucl « ie acid y a a and ! ' f e 

oart Iaja.j _ wmch identify nucleic *r,A . „ j .'' a '»- a "d a } , are arrays of 

ss 22'^ 

55 solid earner identifying the nucleic acid 1 ,dentif W"9 the nucleic acid y and Fig 8c a 

ar'a^r^ Affixed to a 2 £ car?,^'^/^ ^ 8c ' b - and are%rra V s of ° 

^ and i nUC,e ' C 3dd fra9ments 'to ^ olid ^cVr? 0 "^ ?J he nUCleic acid b w and b, arc 
nurflE ^ afe arfay5 °' nuc,eic acid fragmentJ.fr 3 ° d ,dentif y in 9 the nucleic acid y a'nd 

60 re^t- aC,d ^ and *' y aftd * a '* the nuSf . c id ' , ! S °' id Camer and identifying the 
ou r «pective solid carrier* rt , 1:1. * "ucieic acids to be identified P p c . ' 
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nucUir T^w OI nuc ' erc acid fragments a f««H V '"""nrmg tne nucleic acid 

•oX'S,?^ 



The above-describid nucleic acid f« U " d - 
dif e fe, a ^, d | by r « om, "'"a"t.ONA techni q ueTk n now„' e ^ fea9 ? ,S and rea 9 ent ""'binations can be 
65 fdl " 9 / hS *'* 9 enefat «<»- resm^on V A "T"*' °' nuC,eie 8cid fra 9men«s of 
,den,,,,ed or ''om a part representing it If T n6 fl« en * ymes - from th « "«cleic acid to be 
s me r «tnction man of the n«n« m « .« k. 



» yc.exiica. oy using restrirt;«„ « acia iragments o 

part representing it if ,Z enz Y™es. from the nucleic acid to be 

_ 9 ■ the restrict map 0 f the genome to be identified is 



65 
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known, it is possible to select froTn'the genome the tuit.hi. «w 

using restr.ct.on enzymes, and the fragments are isolated ■J* 1 "",^ f ?2 men,s - generated by 
DNA techniques. * '» are isolated and ampl.f.ed by using recombinant 

When an unknown genome is involved an int»r m «^--. 
5 of the reagents, in such a way that a relatively i,,„T „ , ? . $,a9 ? ean be used in 

preparation 

is mapped, and the arrays of nucleic acid fragments ser « - '" C '!? d - ,his fra 9 me " 5 

produced on the basis of the information thus obTa.ned " " °" 8 " d b " b > e,e - are " 

sepVra\e 0 c"n U eTreSio l n f^^SH^o^ ^ » USe ' ^ 

10 which are combined to form suhable ? combina"ions ' ^ '° Prepare Several Separa, ° seri «- 

It is advantageous to prepare the nucleic acid f«n m „„. ^ • 10 
etc.. according to the invention by u^nco^XlV^ ^ " , ' "l" b " b >- b " 
series a is cloned into one vector fa e/amni.^ ~ .Z , t " hn,( ' ues ,n «ueh a way that the 
b is cloned into another nS^^^^'fiZ?! P BR 322,and whereas the series 
1 5 previous vector. The bacteriophas M 11 3™s a ex/mol „(« «<^"«sin common with the 

The fragments belonging to the series « Tcan be S t « ™ 3 l eC0 " d advanta 9eou S vector. , 5 
be cloned into one vector. For examp e -a i ?d , afl «K >n0,t T 3 ? d ,he ' oined sefies «" 
insert into the same pBR322 ve"oT n , corr'eCnJ ?„« 9 ' ""^ C '° ned 35 a 

following isotopes are used: »P '»l <>"| ind »H in ih! c 'i 58,53 , 5 8nd 4 - 3 02.204 the 

79.139 the isotope •»■ is used Nucleic acid o^beVhL. ? P T Palenl Publicati °" No. 
and .abe.ed with. 'e.g. f.uorescentKs^enc'hta 't n^Pub Stion No^' ^8 7^1' A?" ^ 
30 enzymatic or enzymatically measureable labels are Vh« a • • ^ » 2 - 5 J 8 -'55). Also 

2.01 9.408. the European Patent ?'S^ NV ^B7i^T^/ M Z^ U ^ on No - 30 
2.519.005). The European Patent PuW^^ViBXt^l^ N ° 
.m.tt.ng label and labeling method, and the French Patent Publicatfon No «,« 9 . u 

substance described by U^TpSU W 4M? '4 B ^?8%fi?. , ?^^ 1, ^ d ^ ,,, ' a ° el 35 
examples of labels which can be used for the labelino of nur'il ! L U " ab ' e " a label - A few 
invention are mentioned above, but it ii i evident th., ,h ?.r 2 m k J r ? 9ems accordin 9 » the 

45 used as solid carriers. Qriw^^„^J''^ chem ' call V modified papers which can be 

filters. But it is evident that there Zm Z Z 1 I membranes ^d modified nitrocellulose 4 5 
suitable for us. as ^ solid ca r £ awodina ma J e V als which wi " be eve " "or. 

oth.r solid carrier, .^^^ '« <" course, possible to use also 

cellulose, latex, etc. In prfncSe ^ arT no oth-M^rr '"I" ,ria ' ine - °' ^V-activated 

SO than those to be described below it h a , To be dSLLu T!Pr '° * e . se,ec ! ion <*' *. solid carrier 
form to th. solid carrier so thatThese sinde .!«nd2 ? ! . ^ C,e,c acid in a ™gle-stranded 50 
complementary nucleic acid. The soNd carte mS^Uo J " * hybridi " With ,he 
hybridization solution, or the ,0 rernove ' rom ,he 

carrier. Also, the probe must not adhf 1 ,h. " "* eaSy ,0 remove ,rom ,he solid 

55 off. P " 01 3dhere ,0 ,he carr,er mat «*'ial itself so that it cannot be washed 

^^Stl^STSS^S; r a e r ; a oec,°' T^T* >™ A a " d B ' <" * " 

• for the identification of SSfl^^ n ^^^i^i ,nm s ^ h " ucl «'<= a * d made 
^ and B,. A, and B possible to assemble a combination A, and B . 

60 andXr^cn^ of the nucleic acid, y " 60 

so.lt^ a Tn^n\raVe ed en n d:re C d h sinX^randed "ST? ri - ,M " d in, ° hybridi » ti - 

tion solution, to which both he ^£?M%^% td T Mn ' S , Caffied out in a h V bridi »- 
65 one, are added. When hyM ^X^p B ff a ^£- ^J^^ g5 
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solution, if filters have been used « 

assess • * 

second hybnd.zat.on is carried out in which th. i-Vi! P 8Ce ' ,ne so,id ca ™er is wash.H , * 
.dent.fy.ng several different nucleic aci£ u «E 9 - J r SUCh 3 manner ,ha « one omh. 

poss.ble to construct various reaoen. express, °' 1 . ™d hereditary diseases It il\ 

nan, plasmids pKTH 1 220 and pKTHi 271 °l™ cle,c acid ^gments comprising the re Com h- 
55 the plasmid vector pBR322 DNAof cw- recom binant plasmid pKTH 1 220 com « • • 
Chlamydia*. This rLn^w^^^''^*!™* 12 which i ; specific toX* 
. rec . omb ^"t plasmid 1271 C oX r Is«^ ! n^^ 

tovirus A0169 Thi« . * the P'asmid vector nRR*ioc pviua V M ° '01. The 

D-^dnn on 0euts <= h « Sammlunq von MiWr^ pKTH1271 h ave been deposited at 

65 The .nvent.cn is described in greater detail in the folio ■ 
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not, however, be understood as limiting the orotectiv* «r ft A* «f • 

«he nucleic acid (DNA and RNA) is simL JeZTZ que' io Ts of TnJSSe Ic^edV' 
a eucaryouc or a procaryotic cell. For this reason the J ""cie.c acid derived from 

equally well applicable Yo the nueteS iSd, o fllim,'^ are 
viruses. Thus the reagents according ,o the invent £e ^t 0 , de P c the nud'e^c^addr.f 
Separ^mhe S "JTS" "* vi ' USeS -, Th « nuel.le .d Hragmen. can be ' * °' 

end T„««u^ . Y ' ,0 ?- The «q"ence of nucleic acids to be identified can be characterized 
and homologous arrays of fragments prepared by automatic nucleic acid preparation machin«. 

Example 1 

ifii aI"*** 0< nucle!c * e [ d agents from Chlamydia trachomatis and their preparation 
from fhe nlT")V S ML ,ab th ? ^A"?""" °' *• Chlamydia trachomatis group were prepared 
from the DNA of Chlamydia trachomatts serotype 12. The DNA was isolated and fragmented bv 
known methods, and the resulting DNA fragments were cloned into the pla.mid PBR322 and 
of^£'™. , ° w 6 f h0St h 0r 9 a n is ,"; Escherichia coli Kl 2 HB101. by known methods. A gene bank 
of the Chlamydia trachomatis L2 bacter.um was obtained as a result of the cloning i 1 a larqe 
number of recombinant plasmids. each having a separate BamHI restriction fragment of DNA 
J! 6 ™ 6 ™* 0 ™ chlam Y d,ae ; *> r rea 1 ? 1 cm Production, recombinant plasmids containing maximally 
large DNA inserts derived from chlamyd.al DNA were selected from the gene bank One such 
20 plasm.d is the one designed pKTH 1220. which has been deposited at the culture collection 

Deutsche Sammlung von M.croorgan.smen under the number (OSM 2825) and the suitability of 

S™i? r 9 X"!i 4 '.'r r ? fl .r. W u" den ?°. ns,fated bv • hybridization test. The test showed ?h a 
PKTH1 220 identified all of the nucle.c acids derived from different Chlamydia trachomatis 
serotypes, but no other nucleic acids. «"««■«« 

The appl^ble fragments obtainable by using different restriction enzymes, were selected 
from the pKTH1220- P lasm,d DNA. and some of these fragments were transferred by further 
cloning ,nto pATI 53 plasm.d (Maniatis et al.. Molecular Cloning. A Laboratory Manual Cold 

olasmid^ d^CTH 12^>Q Iw^'no 19 , 82 > and S °T ? MU pha9e ' Fi 9- 1 0 shows the recombinant 
plasmid pKTH1220. having a molecular length of 14 kb. In Fig. 10. BamHI Sail and Clal 
represent the restriction enzymes used, and a,. a } . b„ b, and b, illustrate the size and mutual 
locations of the fragments produced with the aid of these restriction enzymes. The fragments 

tlr t 2K nq a h V er L" b ." abC 'l d Pf0be$ - Table 1 li$,s the si ' es °* the fragments and the 
vectors used for further cloning, the names of the recombinant plasmids. and their use 



25 



30 



35 Table 1. 







Fragment 


Size 


40 


a, 


Clal-Sall 


3.0kb 




a* 


Sall-CIal 


2.9kb 




b, 


Sall-BamHI 


0.7kb 




b, 


BamHI-SaH 


1.4kb 




b, 


Clal-C!al 


1.7kb 


45 


b1-b2 


BamHI-BamHI 


2.1kb 



Vector 



Recombinant 
plasmid 



Use 



PAT153 
p AT 153 
Ml 3mp8 
M1 3mp8 
M1 3mp8 
Ml 3mp8 



PKTH1252 

PKTH1250 

mKTH1242 

mKTH1239 

mKTH1248 

mKTH1245 



Filter 
Filter 

Labeled probe 
Labeled probe 
Labeled probe 
Labeled probe 
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rl ^ f 'Tr tS ' iSted - n 13616 1 WGre iS ° ,aled ,r0m an a 9 arose 9 el bv electroelution and were 
cloned into the appropriate restriction enzyme identification sites of the vectors listed in Table 1 

50 by using known methods. ' 
The fragment BamHI-BamHI 2.1kb was produced as follows: the fragments BamHI-Sall 
1 .4kb and Sa 1-BamHI 0 7kb of the plasmid pKTH 1 220 were separated by gel electrophoresis 
i x?T Wh,Ch thCY Wefe iS0,ated ' The P urified ^gments were joined to each other 

« I . V . I Z < 9 **\ enZy u m f' 3nd 0f lhe 21kb 0NA ffa 9™™ produced in the reaction. 

55 hose which had free ends which were identified by the BamHI enzyme were further joined to 
the BamHI restrict.on site of the double-stranded form of the M13mp8 phage DNA Thus there 
7«* ™- 6 a ^ com b.nant phage-ONA (mKTH1 245) which contains Chlamidia tra ch omatis ON A 
comprising two separate DNA fragments which are not located adjacently in the genome 

60 ™« n , ! 9C »° m ! 3 ?, '° Caled 3diaCent t0 tne DNA rea 9 ents PKTH1250 and * 
60 PKTH1252 to be affixed to the filter (Fig. 11). Fig. 1 1 shows an array of sandwich hybrids 

which is formed when the recombinant plasmids and recombinant phages Hsted Tr Table 1 are 

used as arrays of nucleic acid reagents. 

6 5 ^L n ™^h rSf/0n ° f l h * S T^ o/ an of «/d reagents from Chlamydia 

6 5 fracnomaf/s by using the sandwich hybridization method 
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ine sensitivity of an array of r\\ ■ 

solution, having , he fbSowinTrX ™* ,ers were washed for 2 h ° 2% SDS 



10 



20 



Specimen 

molecules/test b 



Hybridised r.dioacti* 
with (bl as the 



25 




30 



10" 
10 7 
108 



37 


37 


33 


49 


48 


44 


48 J 


93 


226 


236 


232 


396 


1475 


1415 


1456 


2912 



39 



52 



68 

416 

2637 



140 
686 
3580 



35 b, 



40 



45 



V b 2 
b x .b 2 

( W> 3 



380.000 cpm/te«t, 
340.000 epm/t M t: 
350,000 cpm/te.t; 

310.000 cpm/te.t; 

700.000 cpm/test; 

'00.000 cpm/ tee t . 



5 * 10 cpm/pgDNA 
< * 107 cpm/^gDNA 
J * 10 7 c Pm/pgDNA 
cpm/pgDNA 



x 10' 



50 



15 



20 



25 



Statistically calculated, the 95% " ■ 

60 nystatin. um ' 1 0 M/ml gentamicin. 1 00 Jg/ml v ane0 m 20 mM Phosphate 

Chlamydia was cultivated from ,„ ^ncomycn. and 25 l U/m | 

^JSSSStf!? ^y^Z^^T"* « - —ed 5 y 
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treated for 1 5 min at 55X and for 45 min at 37X. Thereafter the snprim™ ^« k •, ^ , . 
min in 0.175 M NaOH. The boiled specimen was transferred ^ 5 
equ.molar amount of acetic acid and tested. The filters and hybridization ^ - 
Example 1b were used in the test. The probe used was rnlCTlK^ 
5 fi\ hybnd.zat.on reaction. The results are shown in Table 3. ih 300,000 cpm/400 

Table 3. 



10 



Specimen 



Hybridized 
radioactivity 



Result of 
chlamydia culture 



10 



15 



Man 1. 
Man 2. 

20 Man 3. 
Man 4, 
Man 5. 
Man 6. 

25 

Woman 1. 
Woman 2. 
30 Woman 3. 
Woman 4. 
Woman 5, 
Woman 6. 



35 



Buffer, X, 



151 

164 

154 

61 

76 

55 

343 

509 

362 

57 

58 

61 

30-55 



+ 



15 



20 



25 



30 



35 



40 Chi, trachoma tie 
L2 bacterium, 10* 



419 



40 



45 



50 



45 The limit for positivity in the tests was 104 cpm. 

The result in Table 3 shows that sandwich hybridization using an array of nucleic acid 
fragments is suitable for diagnosis venereal diseases. The samples which were negative in the 
culture tests were negative also in the sandwich hybridization test. 

50 Example 2. 

(8) nKf A n / rray ° f nudeie acid rea 9*nts from O^tomeg^ioy^and their preparation 
i J? /I n 9 ?f 2 t, **^?w« f0 I« t d i a 9 no « ic5 o?^omelaTovirus were prepared from Cytomega- 
loviru, (AD 1 69 ATCC VR-538MCMV). ONA was isolated and fragmented by known methods. 
tcc-Hl fragment I of about 9 kb, defined in Spector et al.. J. Virol. 42, 558-582 1982 was 
bb tsolated from agarose gel by electroelution after the EcoRI restriction fragments had been 55 
separated on the basts of their sin. The eluted DNA was extracted with phenol, whereafter it 
«««V lp J ,tate * w,th ethanoL The DNA thus P^'ieo* was joined by means of T4.|igase to the 
n ma P 1 VeC J° r °S ene . d by usin 9 the EcoRI e^Yme. and the produced recombinant- 

60 k° EC f K ' 2 HB1 , 01 h ° St b3Ctefia - From 3 ™9 ampicillin and tetra yclin 

60 res.stent but chloramphenicol sensitive clones there was selected one which contained a 60 

° r oE a A° VirUS " SpeC ' f ! C ^ N L A insert 0f the correct size * The character of the cloned cytomegalo- 
kbi£!i nJi " Cefta '7 d by J he S ° u # lhern b,ot melh0 *- ™s test ensured that the described 9 
w. Inl^ VZ 9 u e MnT a n ? ef,Ved the ° NA 0f Cytomegalovirus and, more specifically, 
was included in its Hind!ll-0 fragment (Oram et al.. J. Gen. Virol.. 59. 1 1 1-129 19821 The 
65 recombinant plasmid thus described was designated pKTH 1271. and it was deposited at the 65 
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/£ fc 'SOU/4 

culture colleciion Deutsche Sam^T ' — ■ 



i«— .• ; , s ' nems obtained bv usinn tk_ ""'ymes tcoR . BamHI n»i . J , " ,s,,,s snowr 
loca ,on. Table 4 li„, , he si: ° ° 0 * ^ r «t"ctio n en* ymes as "eU as Sf- a "? Pstl - *9- 1 2 
clonmg. the names of the thus obtaioin 9fnem ? in «» u ««'on and th^ ' ,L« ?' a,ive «»• «nd 
10 reagents or as labeled probed Fio ^3 !h ( eCOmbinant P ,as ™<* . Vn«? tffi U L M '° f ,he ,u "her 



10 



8f 

b, 

20 b, 
b 3 



EcoRUPstl 
ClaUBamHI 
Pstl-Pstl 
Pstl-Clal 
BamHO-EcoRI 



(3.3kb) 
(3.0kb) 
(0.6kb) 
(I.Okb) 
(I.Okb) 



PBR322 

P8R322 

Ml3mp7 

Ml3mp8 

Ml3mp8 



PKTH1273 

PKTF1274 

mKTHl277 

mKTH1278 

mKTHl279 
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Filter 
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or b,. 59 cpm when the probe was h h . L " 

The results in Table 5 show sandwich HJ?™ Whe " ,he probe was b <- °, b s 
n used (b,. b, or b| ) detectsTn ea x O^mTJ^a*^ ! ndivid Jal -agent - 

hybridization with a reagent of b b n 7 h k k . LMV — ° N A molecules. On the other h a «H 
CMV-ONA. The resu.ts'show ha'i the ar'ay of nu^c^i." " 1 °* m °' eCUleS °' 
as individual nucleic' acid reagents. aC ' d reagen,s are ,our tim « as sensitive 

^•^SS^ -y or n uc ,e, c ac* r eagents 

These samples included two "in ^specimens from c * ybrid,za 1 t,on wi,h an arra V of ^agents 
suspected of suffering from conJSlSS a".* 6 ' V"' TheSe childre " 1 

patient with CMV pulmonary infection wa '2 B «JS hJ ,h 9 b '° PSy Spedmen from a 

t^er me9a,ovirus ^ 

carrier, was precipitated using 10 ml isopropanol atroom 1. . lu"^ ,0 9 eth er with the 
dissolved in 200 pi of TE buffer and was brK to T^TZTJt'^ ^ was 
m,£ whereafter the ONA solution was cooled "to . OX and ?d^ST. S? °/T 5,? boi,in 9 '« for 5 
The lung biopsy specimen (a few mm') was minced I m Jh? ' .? the . h y bridi »<ion solution, 
buffer containing 1 % SOS solution and ^/m?^^^ 1 *' 3 k " i,e - 200 * «" TE 20 
d.gestion was carried out at + 37X for 1 h wh™r.af^thl 1^ Iyme W " added ,0 A 
injection syringe twice through a thin hypodeTmical t p h ec,men . was draw " into an 

W " b ° ile ,f - whereaha ' was' added to IS tl« SuiS I SP8C,men ,h ° S denized 

^Mstt asvstbo^" ce,,s were -p °* a - sos. 25 

n*™^ " d P™"<( a ,> on fi„ers and 

other respects the hybridization the washmo if ,h» n ' 200 000 cpm/reaction. In 
30 carried out as described in Example 71 " 9 * f '" erS a " d ,he COun,in 9 of -suits were 

The results of the present hybridization are shown in Table 6. 30 
Table 6. 

35 _ Hybridized 

Spec ' men radioactivity Vifus i SO | ation 35 

Infected cells (10») 3521 N<%. h««- 

Urine 1(10 ml) 243 ?mv 

40 Urine 2(10 ml, 3 |{ 5 cKv 
Urine from a healthy 



10 



15 



20 



person (10 ml) 52 Not done 

Lung biopsy specimen 535 CMV 

Control cells 10» 68 a 

45 No specimen 6 6 | J™ 



40 



45 



de^oVs^^ 2»«S."F ^ ' ea9e " ,S - * 

The test is specific to cytomegalovirus- it does not ld?„^ k' 9 s P ec,men * ™ d cells, 

interfered by the human ONA present in the samole l??.^"?" °? A ' U ' ,he ,est is not 50 
interfere with the specifity of test in any way ' °' s P ecim «" d °« not 

CLAIMS 
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labeled array, of nucleic acid fragments 

,0 , 

C0//K12 HB101 *L !1 ,? Cytome 9alovirus AD169*and is h ^ !i ■ wh,ch rec °mbinant 

"ndwich hybrwStK^^eh.™^ aCC °: din9 ,0 C,aims 1-2.3 4 5 6 7 a • 

13. A method accordino to ci a ^ T y t sem, synthetically. K p 60 Dy 

"toft? ,r , a9memS "-P^s: ,m 12 ' that'.he preparation of ,He arrays of 

(a) the isolat on of a soUm** ~ i ■ arrays of 

(b) the Coning of the Sed 5° **** °' sui,ab, « 'en 9 ih 
w u rcB g«fit as claimed n claim 1 
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nucleic acids. Some examoles are th« 

commonly been used for the identification a „H «, w 
containing , he nucleic acid to toldnmS^S^T™ T h ° ds ' in which sample V 

s^cS ( ;is 3 N t 

15 Patent Pupations Nos !. 2 ?034.323 2095 mVS.' p 4,358 " 535 ' 4 -3»5.486.°ii friS,? 3 
62 286. 62.237 and 61.740). and s detecWh Euro P ean Pa 'ent Publications Nos 

*t£S*XZ W* 8cid 10 2. w5SSS. V US ' n9 ' abeled nUC ' eic acid -ag 0 ent which 
umer known hybridization methods include th« . 

20 K ted - by Dunn and Ha » e » Cen 72 23_| 6 h V bridi »tion method 

K M,Wn m I 8,h0ds preseftted in th. Europea 3 p;,l?, 7 p' J? d *° ° ne - S,ep sand ^ch 
'dent.f.cat.on of the nucleic acids by the sandwlh .k C ubl,ca,,on No - 79,139. For the 
are needed to detect the nucleic acids presem „^hT e,h0d ? ,W ° Separa,e nucl ^ -cM reaoen.s 

Nude's "J?" carrier a : d ,he wh * samp so,u,ion - 0ne of ,hese rea 

25 d^f^^r^^ easier and those which are labe.ed are 

using restriction enzymes. Nucleic acid £ ,ra 9 me ™ produced, for exam L „ 

recomb.nant-DNA techniques are made Y u ^ ed nucleic ac '"d reagents product k 

or of several separate clones. ""^ " P °' °" e con ^s identifying nlcleic'S " 3qm en, 
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Fig. 1, hybridize. At this time the distance of the vector-derived nucleic acid pans from the 
hybridization joining point (1) d creases (Fig. 1), and the hybrid is more stable than the hybrid "~ 
formed by one reagent pair (prior art) shown in Fig. 2, this hybrid being of the same size as the 
total area of the array of nucleic acid fragments. The vector-derived parts of a hybrid formed 
5 from one reagent pair are easily broken by, for example, mechanical strain, such as shaking. In ''? 5 
such a case the label already bound to the hybrid escapes. 

Since the improved nucleic acid reagents according to the invention are more sensitive than 
previously used nucleic acid reagents, the yare suitabl e for demonstrating chromosomal 
rearrangements and hereditary diseases."^ 
10 " Our invention relates to nucleic acid reagents comprising an array of nucleic acid fragments. 10 
their combinations, their preparation, and their use for the detection of nucleic acids in 
hybridization methods. 

The characteristics of the invention are shown in the distinguishing features of the claims, and 
the invention is described in greater detail in the following description and in the acompanying 
1 5 drawings, in which 1 g 

Figure 1 shows an array of sandwich hybrids. 
Figure 2 depicts a sandwich hybrid of the prior art. 

Figure 3 shows the sites of two alternating series of nucleic acid fragments in a nucleic acid 
which has been selected for the preparation of an array of nucleic acid reagents according to the 
20 invention, 20 
Figure 4 shows the corresponding sites of three alternating series of arrays of nucleic acid 
fragments. 

Figure 5 shows an array of nucleic acid fragments according to Fig. 3 separate (a), joined 
together (b) and both separate and joined together (c). 
25 Figure 6 shows an array of sandwich hybrids, . 25 

Figure 6a shows an array of sandwich hybrids which is formed when separate fragments are 
used, 

Figure 6b shows an array of sandwich hybrid which is formed when joined b-fragments are 
used. t 
30 Figure 6c shows an array of sandwich hybrids which is formed when bothseparate and joined 30 
b-fragments are used. 

Figure 7 shows an array of nucleic acid reagents which identify different nucleic acids. 



Figure 8 shows an array of sandwich hybrids which are formed when the array of nucieic acid 
reagents according to Fig. 7. identifying different nucleic acids, are used, 



35 Figure 9 shows an array of hybrids formed by a direct hybridization method. 35 
Figure TO shows the recombinant plasmid pKTH1220. 

Figure 1 1 shows an array of sandwich hybrids which is formed when an array of nucleic acid 
fragments prepared from the recombinant plasmid pKTH1220 are used, 
Figure 12 shows the recombinant plasmid pKTH1 271, 
40 Figure 13 shows an array of sandwich hybrids which is formed when arrays of nucleic acid 40 
fragments prepared from the recombinant plasmid pKTH1271 are used." 

Our invention relates to nucleic acid reagents composed of an array of nucleic acid fragments 
These arrays of nucleic acid reagents comprise at least two. but preferably several, alternating 
nucleic acid fragments, up to 20 fragments, which are derived from one or several nucleic acids 
45 sufficiently homologous to the nucleic acid which is to be identified. Thereby there are obtained 45 
at least two series of alternating arrays of nucleic acid fragments, which must not be 
homologous to one another. 

The arrays of nucleic acid reagents can be prepared synthetically. In this case the fragments 
from the two alternating series of arrays of nucleic acid fragments, must not be homologous to 
50 each other. But they must be sufficiently homologous to alternating sites in the nucleic acids to 50 
be identified. These fragments can easily be prepared by fully automatic machines after 
characterization of the nucleic acid sequence of the nucleic acid to be identified 
F The nucleic acid reagents according to the invention are composed of separate, or joined or 
| both separate and joined array of nucieic acid fragments. 
55 The arrays of nucleic acid fragments may be joined to a vector, contain parts of vectors or be 5 5 
totally devoid of vector parts. 

The nucleic acid fragments used have a minimum length of 1 5 nucleotides. There is no actual 
upper limit for length, but it is advantageous to use fragments having a length of 20-5000 
nucleotides The nucleic acid fragments according to the invention are derived either from the 
60 genome to be identified or from one part of the genome, for example from a relatively lame 60 
1 done representing a certain part of the genome. The arrays of nucleic acid fragments according 
to the invention can thus be prepared from several independent genome areas which are not 
directly adjacent. The arrays of nucleic acid fragments thus prepared are combined and used for 
I the same reagent. The arrays of nucleic acid fragments can also be isolated from a DNA which 
65 is not identical to the nucleic acid to be identified but sufficiently homologous so that a stable 6 5 
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nucleic acid fragments from the genome. Thereto Tavai f.bte ™ ,0 ^ r' a,i ° ri °' sui,ab 'e 
prepare such arrays of fragments The man skHted j" ^» -« Y eqUa " V USeful me,h °ds to 
5 fragments by synthetic or semisynthetic methods PrCP3re of "^leic ae?d 

The reagents are isolated in such a waw th*» «- 
foments, a,. a,, etc.. and * bi ! b* W arV^taST* ° f f^ 3 ' 1 " 9 nudeic a « d 
belonging to the series a,, a,, a, etc are ImZJ 6 nucle,c acid foments 

adjacent to one another. The nucleic add f™£ . ? f "9™™ situated close to but not 

10 also composed of nuc.eic ^^^^Z^SfflZ"".™* b - b , b, etc. are 

nucle, C acd fragments belonging , 0 the series a, a a etc and th^T! ,0 °" e 3no,her - Th * 1 C 
b„ b l( b,. etc. must not be homologous to each other hh m belong.ng , 0 the series 

belonging to the series a,. a„ a,, etc and I those hl?«I" Parable that the nucleic acids 
.solated in such a way that e'very ..iSri^n^C, o " " ^ C,C - are 

1 5 he b-ser.es. as shown in Fig. 3. In Fig. 3 a a a Jn d k k k SenCS and eve, Y "cond , 0 

fragments sufficiently homologous to the nucleic Aw . k V re arrays of nuclei = acid i <; 

25 shown in Fig. 5c. example. b,-b, are joined together and b, is separate, etc.. as 

Fig. 6 depicts various arrays of sandwich huhWHi c:~ c L 

"V^ th ,\ anayS ° f nUCleic acid ' ra gments are separate % ! Q ,0 Gh 1" ° f Sa " dwich h * b "*> 
which the labeled array of nucleic acid fragments are i^ne/ ^' ,k * °?* a " ay °' h V bfids •« 
wh.ch an array of sandwich hybrids is faS ?' S J '? J™ ed ,0 ? e,h ? r - F, 9- 6c depicts 



25 



which an array of sandwich hWMto^Zflj^M**?' 6c de ^« a case in 
30 nucleic acid fragments. In Fig 6 x represents ,hT n ■ ' ■ ? and Separa,e ,abeled a "ays of 
represent the labeled probe. anS aVa, and a ""!'" ,C 3C ' d ,0 , be identified -- b - b,. and b, 
to a solid carrier. ' " a " d 3] re P re "™ arrays of nucleic acid fragments aff.Ud 

Nucleic acid fragments which belona to the h « 
way that a labeled nucleic acid reaoem is nh, a ? " "u ' ,or exam P le - be labeled in such a 
35 which belong , 0 the ™hZ^^^%^*J? P' obe J- ™e weWe acid reagents 

reagent A bound to a solid carrier is .S u • « " " er ,n Such a wa * ,nat 8 nucleic acd 3 s 
labeled nuc.eic acid reagent A. and a co «pondina 'L'cT'' 3 ' ,erna,ivc, V P0»ib.e ,0 prepare a 3 5 
carrier. " " """Ponding nucleic acid reagent B bound to a solid 

Such nucleic acid pairs A and B. or 8 and A iah»i- a .. . 

40 can be prepared for several different nucleic acid* ,A v d affixed to a solid earner 

suitable nucleic acid reagent combinations whS « coS nM'f/ be COmbined in, ° <0 
pair, A, and B„ A, and B„ A, and B, etc or B anrf \ I * °! d 'I'""" nucleic acid ,ea 9 e "' 
conta.n.ng arrays of nucleic acid fragments which Ju^ A * Bj . ^ A " e,c - Rea 9 en « 

combined so that a probe A -A -7 is obtain!!} il d 1^ / different nucleic acids can also be 

45 nucleic acid fragments (a.-a^-a ) -(a _i > l a \ _'/ ' ,0f exam P le . comprises an array of 

and a,, are arrays of nucleic acid WagmenTs A whiZt 1 "-f ,,, ' f S show " in Fi 9- 7 - in which a.. j 5 
arrays of nucleic acid fragments A.'wAai.f '. noC ' eic acid x; a w- a ? . ™* a, are 

nucleic acid fragments A, which &.n^„SSJ^L£? t,C P*-" ^ °* *>' a '° a " a V*'°' 
pan. Joined arrays of nucleic acid fragments can 'f V | S a 1 ve «° r - d "''ved nucleic acid 

50 aswitable mixtures. "agments can. of course, also be used as separate fragments. 

in Fig" M^J^T^^ *"> obtained by using the reagents shown 50 

course. n g r B «. a 7 Y -r^ 1T?? ^^-^- Tn — 2L?l v eral different nucle.c IS desired, it is. of 



snoWs"a'solfd~carrier" 
nucleic acid y. and Fig. 8c 



are 
and 



arrays of nucleic acid fraom.„,» V J laenttrymg the nucleic acid y: 

and x. y and 2 Tare The 2 l '*** ,0 3 SO,id carrier and identifying the 
60 respective solid carriers or filters A -A -a 7. 1° be iden . ,ified - F .. ^ and F,. are the 

s'multaneously. if separate solid carVieTs ar« nAS' 0 Whic " idenlifies a" the three nucleic acids 
. The above-described nucleic acid fraament ■ 

prepared by recombinant-ONA wh„i3. ™.. Ser,es ' rea 9ents and reagent 

comb/nations can be 

different lengths are generated, by us?nV7esi7;"r.;^ C ' **' A num0er or nuc,e 'C acid fragments of 
65 .dent.fied or from a part representing h IMhL f«t ■ enzymes ' from the nuc, eic acid to be 
_ _ e restr, ct'on map of the genome to be identified is 
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known, it is possible to select from the genome the suitable adjacent fragments, generated by 
using restriction enzymes, and the fragments are isolated and amplified by using recombinant "7 
DNA techniques. 

When an unknown genome is involved, an intermediate stage can be used in the preparation ' 

5 of the reagents, in such a way that a relatively large restriction fragment is cloned, this fragment 5 
is mapped, and the arrays of nucleic acid fragments series a,, a a , a 3 , etc., and b t , b„ b 3 etc., are 1 
produced on the basis of the information thus obtained. 

It is, of course, possible to use combinations of the above methods and to use several large 
separate cloned restriction fragments as starting material, and to prepare several separate series. 

10 which are combined to form suitable combinations. 1 
It is advantageous to prepare the nucleic acid fragment series a,, a J( a 3 , etc.. and b,. b Jt b 3 , 
etc., according to the invention by using recombinant-DNA techniques in such a way that the 
series a is cloned into one vector, for example into the plasmid pBR322. and whereas the series 
b is cloned into another suitable vector, which does not have sequences in common with the 

1 5 previous vector. The bacteriophase Ml 3 is an example of such a second advantageous vector. i 
The fragments belonging to the series a can be joined to one another, and the joined series can 
be cloned into one vector. For example, a,-a,. joined together, can be cloned as a continuous, 
insert into the same pBR322 vector. In a corresponding manner it is possible to prepare a 
reagent series b,-b 2 . In the cloning it is preferred to use vectors to which very large inserts of 

20 foreign DNA can be joined. For example, lambdaphage and cosmid vectors are suitable for this 2 1 
purpose. 

Thus, two reagent pairs comprising arrays of nucleic acid fragments are needed in the 
sandwich hybridization method according to the invention, a reagent labeled with the label 
substance to be identified, i.e. a probe, and a so-called filter reagent affixed to a solid carrier. 

25 Most commonly, radioactive isotopes are used for labeling the probes. For example in the * 2 
British Patent Publication No. 2.034,323. the US-Patents Nos 4,358.535 and 4,302,204 the 
following isotopes are used: "P. ,M I. and 3 H. In the European Patent Publication No. 
79,139, the isotope ,J, I is used. Nucleic acid probes have also been modified in different ways 
and labeled with. e.g. fluorescent labels (French Patent Publipation No. 2.518.755). Also 

30 enzymatic or enzymatically measureable labels are used (the British Patent Publication No. 3 
■ 2,019,408, the European Patent Publication No. 63.879 and the French Patent Publication No. 
2,519.005). The European Patent Publications Nos 70.685 and 70,687 describe a light- 
emitting label and labeling method, and the French Patent Publication No. 2.518.755 describes 
an immunologically measurable label. The lanthanide chelates described in US-Patent No. 

35 4,374.120. especially europium, can be used as label substances. Also the biotin-avidin label 3 
substance described by Leary et al. (PNAS 80. 4045-4049. 1983) is suitable as a label. A few 
examples of labels which can be used for the labeling of nucleic acid reagents according to the 
invention are mentioned above, but it is evident that there will be developed new, improved 
label substances which are also suitable for the labeling of arrays of nucleic acid fragments 

40 according to the invention. 4 
The carriers suitable for filter reagents include various nitrocellulose filters (US-PBtent No. 
4.358.535 and the British Patent Publication No. 2.095.833). The DDR-Patent Publication No. 
148.955 describes a method of binding nucleic acids chemically to the carrier (paper). 
US-Patents Nos 4.359.535 and 4.302.204 describe chemically modified papers which can be 

45 used as solid carriers. Other alternatives include nylon membranes and modified nitrocellulose 4 
filters. But it is evident that there will be developed new materials which will be even more 
suitable for use as solid carriers according to the invention. It is. of course, possible to use also 
other solid carriers, such as various chromatography matrices such as triazine- or epoxy-activated 
cellulose, latex, etc. In principle, there are no other limitations to the selection of the solid carrier 

50 than those to be described below. It has to be possible to affix nucleic acid in a single-stranded 5 
form to the solid carrier so that these single-stranded nucleic acids can hybridize with the 
complementary nucleic acid. The solid carrier must also be easy to remove from the 
hybridization solution, or the hybridization solution must be easy to remove from the solid 
carrier. Also, the probe must not adhere to the carrier material itself so that it cannot be washed 

55 off. 5 

The above-described combinations of the arrays of nucleic acid reagent pairs A and B. or B 
and A. labeled and affixed to a solid carrier respectively, and from such nucleic acid pairs made 
for the identification of different nucleic acids it is possible to assemble a combination A and B 
Ay and B r# A, and B t . 

60 These combinations can be used for the simultaneous identification of the nucleic acids x y 
and z by sandwich hybridization methods. 

The sample is treated in such a way that the nucleic acids are released into the hybridization 
solution, and they are rendered single-stranded. The hybridization is carried out in a hybridiza- 
tion solution, to which both the nucleic acid reagents affixed to a solid carrier and the labeled 

65 ones are added. When hybridization has taken place, the filters are lifted from the hybridization 



solution, if filters have been used as solid ram-re it 

have been used, the hybridization " ^ to S^ d ^'W PhV - matfi " Sl ' a,eX - ° r ,he ,ike " 
suitable washing solution'; The arravs o(«h1:Tk; solld carr,ers are ri "sed with a 
. by methods known per se. T^dl'o".^ |S " T"«i°J™* 8b. 8c, are detected ■ 

5 by a scintillation counter or by a gamma-counter For lltmti ,C 'J xamp le ' b V autoradiography. 

aher. for example, a color reaction, by photomTtrv o 7 '.S e "* ma,,e abel * identified 5 
chelates can be detected by a so-called 'Ce TeSvL ?l. of B «, °' ' prec, P i,a,e ' Lanthanide 
.abel is detected by immun'o.ogica. .^7^?^ S p^'Si m6lh ° d - o'ogica. 

| io ^^^^^^ ~ 

! S^/ce'^tln;™^ 10 

I of 65'C. Sufficient hybridization may occu" n a hon olr iad's ^ "'T^ 1 3 tem P«"««« 

hybridization periods of. for example 1 2-20 hours P " ' S advan,a 9eous to use 

1 5 bul In SS2J IhTSe^ '172-^ in p T ipI ^ ,he same — • 1 5 

hybridization solution. When the hyKization has taken o^n* added t0 th « 
second hybridization is carried out in which the labeled nuclefc e L ' is Washed a " d a 

The above-described labeled nucleic ■eld\r. n .«t. « reagent is present. 

20 B„ B r . B,. etc.. can. of course S^TtuS^b^^?? 0 * ^ ™- and 

nucleic acid sample in a solution must be dividee I for each „u^ ' " Ud i 3 " Se ,he 20 
identified or. if the sample is affixed to a solid car, Z a . C d , X ' y and * ,0 be 

be prepared for each sample. The formed a av of Z^X^V™?* a " ixed ,0 a carrier ™« 
known perse. In Figs. 9. F represen s^the solid * ( !?' ^ ' S de,eCted by me,hod s 

25 identified, and v the^ector-derive part ^ The f a b e ed oroLl X <he n ° C,eic acid t0 be 

and b, (Fig. 9b). and a,, b,. a,. b, ; a, (Rg 9c) P " - * l a " d a > (Fi 9- 9a >- b - 25 

from S^^ScWe'Sd SX^SSa^^ ^ 'V?*™ ™ be ™ de up 
these combinations to identify sevira'Sffwent m h ° ,h * ,nv ? nl,on - " ,s P°s*ble by using 
30 acid fragments homo.ogous 7o *he dUil ^^iS^ll^^T"^^- °' " UC ' eic 

separate fragments in the mixtures or i^d ?£^?£ £t\ ' den,,f,ed can be «ed as 3 0 
■dentifying several different nucleic acids is obtained NuSS , T"*' that ? n6 probe 
carrier must, of course, be kept separate in order for'.ho^ . r' fe39en,S affixed to a "lid 
Hybridization using arrays of nude ZltidhfZLZ ,d f n,,f,ca ' ,on «° b * successful. 
35 human, animal and ?lant W^nin^oZiSS? ""t <?M"<M«9 

microorganisms present in foodstuffs ™ ch a ? SSi ? V ^ "'l^ " ' S P ° SS,ble to iden,ify 3 5 
cause food poisonings. The method ii suitable fo, T. L^t °"? ,,a Y taphy,ococci ' which ^ 
water, such as enterobacteria and enterTiruses lden " f '««'°" of contaminants present in 

40 is a Quantitative 

This characteristic is significani in^or ^ 40 
formation of a stable a)Vay of hyb ids reS that ,h e h„ 1 °' ""'Vr^hV- 

reagent and the filter reagent are located within , !M !• homoloo ° us sequences of the probe 
distance from each other in t^^\TtSTu^!!t\^ ,m ^ ' e " tha " 5 ki,oba " ("»• 
45 these two areas do occur, the change is c earv' obte~X, «" h J«pect to the distance between 

is also suitable for the detection of ^r^ mt^ch^^^- Thefef ° re ,he me,hod ^ 
rearrangement of immunoglobulin genei Tfor ^xor^^^T* J- t " n ^ mtntt '' ,ht 
possible to construct various reagent combination, < .k hered,,ar V leases. |, is thus 
For example, for the identification o f S nutS IZZ^V" 9 ** ° "i ,Cleic acid ffa 9ments. 
50 prepare kit, which include a probe JrT °/ ^l 6 " 53 ' d ' SeaSeS h is P° $sib| e «° 

.dentify gonorrhea, syphi.is. herpes anfcWamydlL The idln.ir "r 8C ' d fr39 . men,S Which =0 
using separate filters for gonorrhea, syphilis ""arils an J fr!?.™ ? ° n ' S th ' S possible b V 

The invention relates particular to JrVJ« «i B P . • chlam V dia e- 
nan, p.asmids pKTH 1 22oTnd pKTH 1 27 1 The^ecomh' ,ra9 ? en,S C ° mpriS,n 9 ,he 
55 the plasmid vector P BR322. DNA ot CMamvHh, '"°. mb,na . m P |asmid PKTH1220 comprises in 

Chlamydiae. This recombinant^ L2 C which is specific to ,h e P 5 5 

recombinant plasmid 1271 comprises in thl Hi °w ° St Escherichi * co//K12 HB101 The 
•oviru, AD169. This recornb'ZT P " s ^ "<>m the cytomega- 

hosts containing the recombinant p.asmids pCTH, 220 snd Jt^V 0 ''^ 2 HB 101 - The 
60 the culture collection Deutsche Sammluno «,„ mx ■ P KTH127 1 bave been deposited at 

D-3400 Gottingen. West Q^iS^^^^^^^ {DSM h G-esebachstrasse 8. 
? a ? m ! d P J5IM?220 is 0SM2825 and the ^CX / . , ! . e ^i". , "' n .fl ,he '""^binan, 



P-asmid P KTH,l20 to '^M^S ^ ,^3^ .ft d ^ Si ' ""''^^ thTreVombinan, 

Ola*:m^ nl(TWl07i n M oo„ ^, ^ . nu ^Der of the deposit Contain no the recomhinan 
c application has tonntowZ UCPOS " S W '" b6 ' ree,y avai,ab, « one. the patent 
65 The invention to described in greater detail i„ lhe followinn t„. 



The 
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not. however, be understood as limiting the protective scope of the invention. The structure of 
the nucleic acid (DNA and RNA) is similar whether the question is of a nucleic acid derived from "7 
a eucaryotic or a procaryotic cell. For this reason the principles presented in the examples are 
equally welt applicable to the nucleic acids of animals (man included), plants and microbes or 
5 viruses. Thus the reagents .according to the invention can be used to detect the nucleic acids of ..5 
man, animals, plants, microbes and viruses. The arrays of nucleic acid fragments can be 
prepared synthetically, too. The sequence of nucleic acids to be identified can be characterized 
and homologous arrays of fragments prepared by automatic nucleic acid preparation machines. 

10 Example 1 10 
(a) Arrays of nucleic acid reagents from Chlamydia trachomatis and their preparation 
DNA fragments suitable for the diagnostics of the Chlamydia trachomatis group were prepared 
from the DNA of Chlamydia trachomatis serotype L2. The DNA was isolated and fragmented by 
known methods, and the resulting DNA fragments were cloned into the plasmid PBR322 and 

1 5 transferred to the host organism Escherichia coliK \ 2 HB101 , by known methods. A gene bank 1 5 
of the Chlamydia trachomatis L2 bacterium was obtained as a result of the cloning, i.e. a targe 
number of recombinant plasmids. each having a separate BamHI restriction fragment of DNA 
derived from chlamydiae. For reagent production, recombinant plasmids containing maximally 
large DNA inserts derived from chlamydial DNA were selected from the gene bank. One such 

20 plasmid is the one designed pKTH1220. which has been deposited at the culture collection 20 
Deutsche Sammlung von Microorganismen under the number (DSM 2825) and the suitability of 
which for use as a reagent was demonstrated by a direct hybridization test. The test showed that 
pKTH1220 identified all of the nucleic acids derived from different Chlamydia trachomatis 
serotypes, but no other nucleic acids. 

25 The applicable fragments, obtainable by using different restriction enzymes, were selected • 25 
from the pKTH 1 220-plasmid DNA, and some of these fragments were transferred by further 
cloning into pAT153 plasmid (Maniatis et at., Molecular Cloning. A Laboratory Manual, Cold 
String Harbor Laboratory, p. 6, 1982) and some to Ml 3 phage. Fig. 10 shows the recombinant 
plasmid pKTH1220. having a molecular length of 14 kb. In Fig. 10. BamHI, Sail and Clal 

30 represent the restriction enzymes used, and a,, a,, b,. b 2 and b, illustrate the size and mutual 30 
locations of the fragments produced with the aid of these restriction enzymes. The fragments 
belonging to the series b as labeled probes. Table 1 lists the sizes of the fragments and the 
vectors used for further cloning, the names of the recombinant plasmids. and their use. 



35 Table 7. 



35 



Recombinant 







Fragment 


Size 


Vector 


plasmid 


Use 


40 


a, 


Clal-Sall 


3.0kb 


pAT153 


PKTH1252 


Filter 




a, 


Sall-Clal 


2.9kb 


pAT153 


PKTH1250 


Filter 




b» 


Sall-BamHI 


0.7kb 


M13mp8 


mKTH1242 


Labeled probe 




b, 


BamHI-Satl 


1.4kb 


M'13mp8 


mKTH1239 


Labeled probe 




b, 


Clal-Clal 


1.7kb 


Ml 3mp8 


mKTH!248 


Labeled probe 


45 


b1-b2 


BamHI-BamHl 


2.1kb 


M13mp8 


mKTH1245 


Labeled probe 



40 



45 



The fragments listed in Table 1 were isolated from an agarose gel by electroelution and were 
cloned into the appropriate restriction enzyme identification sites of the vectors listed in Table 1, 

50 by using known methods. 50 
The fragment BamHI-BamHl 2.1kb was produced as follows: the fragments BamHl-Sall 
1.4kb and SaM-BamHI 0.7kb of the plasmid pKTH1220 were separated by gel electrophoresis 
in agarose gel. from which they were isolated. The purified fragments were joined to each other 
with the aid of T4 ligase enzyme, and of the 2.1kb DNA fragments produced in the reaction, 

55 those which had free ends which were identified by the BamHI enzyme were further joined to 55 
the BamHI restriction site of the double-stranded form of. the M13mp8 phage DNA. Thus there 
was made a recombinant phage-DNA (mKTH1245) which contains Chlamydia trachomatis DNA 
comprising two separate DNA fragments which are not located adjacently in the genome. 
However, in the genome they are located adjacent to the DNA reagents pKTH1250 and 

60 pKTHI 252 to be affixed to the filter (Fig. 11). Fig. 1 1 shows an array of sandwich hybrids 60 
which is formed when the recombinant plasmids and recombinant phages listed in Table 1 are 
used as arrays of nucleic acid reagents. 



(b) Demonstration of the sensitivity of an array of nucleic acid reagents from Chlamydia 
65 fracnomaf/s by usina the sandwich hybridization method 



65 



7, ~ T — 

je»S s^d'b? SSUE- = t" h a continuous 

transferred to O'C and neutralized with an eouimni?, = « a0H - "hereafter it was 

probes labeled with '»J. | is , e d in TMe 1 war. ut ^^f h Un ! ° acet £. acid - The following 

m S H1 K 2 K 3 ^'. m,CTH1248 ^ and mKfHT245(b,-bV mKTH1242 < b .>. 
The hybridization was performed at + ft «; J'' 

1 0 the following composition: 4 X SSC. 0.5 2 % Fico I 0 S?£Z * hybridilati °" solution having 
and 200/ig/ml herring sperm DNA The «f..« „ ° 2 * P«>'yv<nyl pyrrolidone. 0.2% SOS 
solution, having the foNow'ing co^ostton 0 TSS"? 5^ M 5 °' C Wi,h 3 ™^ 
gamma-counter. The resu.ts are shown in Table 2 SV^SX^"*" 3 

1 5 Table 2. p 61 ,es,s - 



20 



25 



30 



Hybridised radioactivity, 
SpCCimen with (b) as tTt . p ~v> 

molecules/test b. 



10 

10 7 

108 



V b 2 



( W <W' b 3 



37 
48 


37 
44 


33 

48 J 


49 


39 


226 
1475 


236 
1415 


232 
1456 


93 

396 

2912 


66 

416 

2637 



52 



140 
666 
3580 



35 b, 



40 



V b 2 



'3 

b,,b 

-1-4 



(b, 



'2 
-b. 



).b. 



380,000 cpm/test; 5 * ir> 7 / 

340.000 cpm/test- 4 * im , 

350,000 cpm/test; S * in 7 / 

310,000 cpm/test- 7 * in 7 / 
700,000 cpm/test; 
700,000 cpm/test; 



Statistically calculated the 95% confirf i- • 
< = negative controls) was regarded as Iht JSeMil ? /fS* P er,ormed ^thout a sample 
cpm when the probe was b„ b, or b SB \ 1,1 Ji ?' P0S,,,vit V- These values were 52-54 
5Q probe was b,- bl . and 65 cpm when'ihfp^ Si;^* 56 Cpm whe " «" 

WC^**^ oy U5ing sandwich \ h ^ ofnucie;c ^ 

c*r^™:%^£ ^ S'i^Sr thri ? , « women suffering from 

il K PeC ? enS and ,he t ^'PtS" t ^^T a, '' h * d been isol «ed from them ° e 
tud^Tth 0 ' Sim,,arpa,ien,s P eci ^ addi,i0n - a cofiSSid. 

^e^% SP crm^sa b m 

z£®^ were also assayed by 



8 



GB2 156 074A 



8 



J>* " 

treated for 15 mm at 55'C and for 45 min at 37"C. Thereafter the specimen was boiled for 5 
min in 0.175 M NaOH, The boiled specimen was transferred to O'C and neutralized with an 
equimolar amount of acetic acid and tested. The filters and hybridization conditions described in 
Example 1b were used in the test. The probe used was mKTH1245 (b^b,), 300.000 cpm/400 
5 /xl hybridization reaction. The" results are shown in Table 3. 

Table 3. 



10 



15 



20 



25 



35 



Specimen 


Hybridized 
radioactivity 


Result of 
chlamydia culture 


Man 1. 


151 


+ 


Man 2. 


164 


' + 


Man 3. 


154 


+ 


Man 4. 


61 


— 


Man 5. 


76 




Man 6. 


55 




Woman 1. 


343 


+ 


Woma n 2 . 


509 


+ 


Woman 3. 


362 


+ 


Woman 4. 


57 




Woman 5. 


58 




Woman 6. 


81 




Buffer, 3T, 


30-55 




Chi. trachomatis 






L2 bacterium, 10 6 


419 


* 

+ 



10 



15 



20 



25 



30 



35 



40 



45 The limit for positivity in the tests was 104 cpm. 45 
The result in Table 3 shows that sandwich hybridization using an array of nucleic acid 
fragments is suitable for diagnosis venereal diseases. The samples which were negative in the 
culture tests were negative also in the sandwich hybridization test. 

50 Example 2. 5q 
(a) An array of nucleic acid reagents from O^tomeg jiloviru^ and their preparation 

0NA fragments suitable for the diagnostics of Cytomega [©virus were prepared from Cytomega- 
lovirus (AD 169, ATCC VR-538)-(CMV). DNA was isolated and fragmented by known methods. 
EcoRI fragment I of about 9 kb. defined in Spector et al., J. Virol. 42. 558-582. 1982. was 

55 isolated from agarose gel by electroelution after the EcoRI restriction fragments had been 55 
separated on the basis of their size. The eluted DNA was extracted with phenol, whereafter it 
was precipitated with ethanol. The DNA thus purified was joined by means of T4-ligase to the 
pBR325 plasmid vector opened by using the EcoRI enzyme, and the produced recombinant- 
DNA were transferred to £co//K12 HB101 host bacteria. From among ampicillin and tetracyclin 

60 resistent but chloramphenicol sensitive clones there was selected one which contained a 60 
cytomegalovirus-specific DNA insert of the correct size. The character of the cloned cytomegalo- 
virus DNA was ascertained by the Southern blot method. This test ensured that the described 9 
kb EcoRI-DNA fragment was derived from the DNA of Cytomegalovirus and. more specifically 
was included in its Hindlll-D fragment (Oram et al.. J. Gen. Virol.. 55.1 1 1-129. 1982). The 

wo .ecoiabinoiti ^IdsrmiJ thus* Jcaunbcu wa* ue^igndted pKTH 1 2 7 "1 . and it was deposited at tne 65 
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^^S^^^^^^S^^l —ber DSM 2826. The 

The further clonings were carried ft „t I! I Y 0wn lechn, ques. ne 

pKTH 1271 hav,ng a molecular length of about 9 Wh Thl *, ,he hybrid plasmid 

reagents or as labeled probes. Fia 1 3 sh«^ « 1 P'? smids . and their use either as filter 
when the array of nucleic acid Si^S^^"^.^ " h!ch «« 
Tab/e 4. 




a 2 
b, 

20 b, 



EcoRI-Pstl 
Clal-BamH! 
Pstl-Pstl 
Pstl-Clal 
BamHO-EcoRI 



(3.3kb) 
(3.0kb) 
(0.6kb) 
(1.0kb) 
(1.0kb) 



PBR322 
PBR322 
Ml3mp7 
M 1 3mp8 
M1 3mp8 



PKTH1273 
PKTF1274 
mKTHl277 
mKTH1278 
mKTH1279 



Filter 
Filter 

Labeled probe 
Labeled probe 
Labeled probe 



ON^ „h,eh was boild in 0.1 7 M NsOH lor £ i.I „h J""™ 8 " » «>« tests „« C MV 
35 Table 5. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



Specimen 
molecules/test 



Hybridized radioactivity, 
^ th the probe 




40 



10 

4xl0 6 
1.6xl0 7 



3S 
38 


33 
44 ' 


38 

46 | 


45 


53 


45 








95 


125 




85 


135 


142 


■ 205 


292 




203 


254 


265 


415 


645 


50 



55 bl 
b2 
b3 

bl,b2 



60 



310.000 cpm/test 
320.000 cpm/test 
300.000 cpm/test 
300.000 cpm of each/test 
bl.b2.b3 300.000 cpm of each/test 



55 



60 



65 



In the test of value of the lower | imif for nr 
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7 

or b,, 59 cpm when the probe was b,, b a . and 63 cpm when the probe was b,. b,. b 

The results in Table 5 show that sandwich hybridization in which an individual probe reaqent - 
in used (b r . b 2 or b,) detects in each case 4X10* CMV— DNA molecules. On the other hand 
hybridization with a reagent of b,. b, or b,. b 2 . b 3 detects as few as 10* molecules of 
5 CMV-DNA. The results show that the array of nucleic acid reagents are four times as sensitive \ 
as individual nucleic acid reagents. < 

(c) CMV diagnostics by using sandwich hybridization with an array of nucleic acid reagents 
Clinical specimens were assayed by using sandwich hybridization with an array of reagents 
10 These samples included two urine specimens from children under 1 year. These children were 10 
suspected of suffering from congenital cytomegalo disease. A lung biopsy specimen from a 
patient with CMV pulmonary infection was also assayed by the present sandwich hybridization 
Both cytomegalovirus-infected and uninfected human fetal cells were also used as specimens in 
the test. 

1 5 A solution which contained 1% sarcosyl and 5 mA EDTA and 200 jig calf thymus DNA was 1 5 
added to a 10 ml urine specimen, whereafter the DNA released from the virus, together with the 
carrier, was precipitated using 10 ml isopropanol at room temperature. The DNA precipitate was 
dissolved in 200 pi of TE buffer and was brought to a single-stranded form by boiling it for 5 
min. whereafter the DNA solution was cooled to O'C and added to the hybridization solution. 

20 The lung biopsy specimen (a few mm J ) was minced mechanically, with a knife. 200 ul of TE 20 
buffer containing 1% SDS solution and 1 mg/ml of proteinase K-enzyme was added to it A 
digestion was carried out at + 37*C for 1 h whereafter the specimen was drawn into an 
injection syringe twice through a thin hypodermical needle. The specimen thus homogenized 
was boiled, whereafter it was added to the test solution. 

25 The cells infected with cytomegalovirus and the. uninfected cells were broken up by an SDS 25 
proteinase K treatment, homogenized and boiled, as above. 

The reagents in the hybridization test were pKTH^Sfa,) and pKTH1274(a,) on filters and 
mKTH1277(b t ). mKTH 1 278{b 2 ), mKTH1279(b 3 ) as probes, each 200.000 cpm/reaction. In 
other respects the hybridization, the washing of the filters and the counting of the results were 

30 carried out as described in Example 1b. 

The results of the present hybridization are shown in Table 6. 



Table 6. 



35 



Specimen 


Hybridized 
radioactivity 


Virus isolation 


Infected cells (10 s ) 


3521 


Not done 


Urine 1(10 ml) 


243 


CMV 


Urine 2(10 ml) 


3215 


CMV 


Urine from a healthy 






person (10 ml) 


52 


Not done 


Lung biopsy specimen 


535 


CMV 


Control cells 10* 


68 


Not done 


No specimen 


65 


Not done 



30 



35 



40 



45 



The results in Table 6 show that it is possible, by using an array of nucleic acid reagents to 
demonstrate CMV in different clinical specimens such as urine, lung biopsy specimens and'cells 
50 The test is specific to cytomegalovirus; it does not identify human DNA. i.e. the test is not * 50 
interfered by the human DNA present in the sample. In fact the type of specimen does not 
interfere with the specifity of test in any way. 

CLAIMS 

55 acid fra N gme e ms 3Cid ' ea9entS ' cnaracterized in that they comprise arrays of alternating nucleic 55 

2. Nucleic acid reagents according to claim 1. characterized in that they comprise two or 
more series of at least two but preferably more arrays of alternating nucleic acid fragments 
60 anolher h ° mol ° 90US 10 the nucleic acid whicn is t0 be identified but not homologous to 'one 

e itL !!™ le jf r . e39entS acco ; di "9 to claims 1 and 2. characterized in that they comprise 6 ° 
.. either separate or joined arrays of alternating nucleic acid fragments 

4. Nucleic acid reagents according to claimsM . 2 or 3 characterized in that they comprise 
_ arrays of nucleic acid fragments which either have or do not have vector-derived parts 
M o. nucieic acid reagents according to claim 1, 2. 3 or 4 characterized in that they comprise 65 
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labeled arrays of nucleic acid fragments. 

6. Nucleic acid reagents according to claims 1 ? -j a u 
arrays of nucleic acid fragments affixed to a \™ d earner character '" d « h « they comprise 

7. Nuclei acid reagents according to claims 12 3 or 4 rh, . • ^ . 

S the recombinant plasmid pKTH1220 or derivatives thefeo id "I?* 1 ,hey com P ri « 
contains the DNA of Chlamydia trachomatis L2 b\ Jl and which recomb.nant p | aS mid 
eoff K12 HB101. and the deposit number of this ^.7 •'" ^ im ° the host ^cherichia 
pKTH1220isDSM 2825. s numDer °» host containing the recombinant plasmid 

8. Nucleic acid reagents according to claim* 1 •> -a a c * l 

10 comprise the recombinant plasmid PKTH1271 L A«L«- ..? r « harac,eri «d in that they 
plasmid contains the DNA of (Wm,™™", AD^nd u 2"* * ? hich f «ombinan, 
coff K12 HB101. and the deposit number of this ™ . • • ^ ' m ° the host £«heifch« 

. PKTH1271 isDSM 2826 1 numDer of this host containing the recombinant plasmid 

ISideLil^ 

nucleic acid reagents are assembled fro* arrays of nu.TJfr r 31 SU ' ,able com °i™ions of 
gous to these different nucleic acids Y e ' C aC,d ,ra 9"ents sufficiently homolo- 

20 methods are demonstrated by methods known per « Y ° rmed in ,he h V b ^i»tion 

sandUX^ 2.3. 4. 5. 6. 7 or 8 in 

the sandwich hybrid methods are demons ,.«J d bl m. nlf.T' ° f SandW ' Ch hybrids for ™* 

recomb,nant ; ONA technics. syntheticaMy or^eXX ca^ '"'^ * 

nudeic ^i^ , B ?S , n ?^' m ,2 ' «« th.,\h. preparation of the arrays of 

S IS ^Jiia^'S! mtot 3 f t' e " 9,h 
(c) the fragmentation of the nucleic "dd, b^innf 6 V - C ' 0rS 
d) the combination of the suitabte arrays oTfaam.n,'! " ( ! Ct, ° n . en ^ mes 
(e) the cloning of the arrays of fraomem* in.I ! 9 ?l? m, ° sene « by usin 9 sui « a °'e ligases 
belonging to different series imo diffe?em vectors ?U, ^- b -^- v ? c - t0 . r ?--.P£^e^bly fragments 9 

belonging to the other series. separate or joined nucleic acid fragments 

14. A method for the oreoaratinn * 
ubnmUy h.,.^,, 1 ,. as elai ™« clrtn 1. cried „ ul 

,„ b! 

9 «o«. WC2A IAY. ,, em wh ; ch copit| mMf ^ obtt . nt<t 
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